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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the voltage resistance of 
the switching element that is provided on the primary side of the 
transformer and thereby prevent degradation of electric efficiency 
of the circuit in the discharge lamp lighting circuit having a flyback ^J^*' 
type DC-DC conversion circuit. 

SOLUTION: In the discharge lamp lighting circuit, as a DC-DC 
conversion circuit for converting a DC input voltage into a desired 
DC voltage, a control circuit, which has a voltage resonance type 
structure including a transformer and a switching element provided 
on the primary side and controls the output voltage Vout of the 
DC-DC conversion circuit by controlling ON/OFF of the switching 
element, and has a current limiting function for the switching 
element, is provided. It restricts so that the electric current flowing 
in the switching element is reduced the more the higher the output 
voltage Vout is. Thereby, the voltage applied on the switching ' ~ *" Vwt 

element can be suppressed and since the winding ratio of the 
transformer is not required to be large, degradation of the electric 
efficiency can be prevented. 
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♦ NOTICES ♦ 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As a direct-current-direct-current conversion circuit for changing the input voltage from DC power 
supply into desired direct current voltage It has the configuration of the voltage resonance mold containing the 
switching element prepared in a transformer and its upstream. In the electric-discharge lamp lighting circmt 
equipped with the control circuit with the function of current limiting built over the switching element 
concerned while controlling the output voltage of a direct-current-direct-current conversion circuit by 
performing ON / off control of the switching element concemed The electric-discharge lamp lighting circuit 
characterized by having detected the output voltage of the above-mentioned direct-cvirrent-direct-cxirrent 
conversion circuit, and restricting so that the output voltage concemed is high and the current which flows to a 
switching element may decrease. 

[Claim 2] The electric-discharge lamp lighting circuit characterized by the degree of a limit to the current which 
flows to a switching element changing when it is detected that the output voltage of a direct-current-direct- 
current conversion circuit became in the electric-discharge lamp lighting circuit according to claim 1 beyond the 
threshold beforehand set up to the output voltage concemed. 

[Claim 3] The electric-discharge lamp lighting circuit characterized by restricting the current value which flows 
to a switching element until it reaches the electrical potential difference on which the supply voltage supplied to 
a control circuit is planned in a electric-discharge lamp lighting circuit according to claim 1 or 2, 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control technique concerning cxirrent limiting of the 
switching element prepared in the upstream of a transformer in the electric-discharge lamp lighting circuit 
equipped with the direct-current-direct-current conversion circuit of a flyback mold configuration. 
[0002] 

[Description of the Prior Art] The PWM (Pulse Density Modulation) method and the PFM (pulse frequency 
modulation) method are learned as a control system of the switching power supply circuit which the 
configuration equipped with the direct-current-direct-current conversion circuit, the direct-cxirrent-altemating 
current conversion circuit, and the bootstrap circuit is known in the lighting circuit of electric-discharge lamps, 
such as a metal halide lamp, for example, constitutes a direct-current-direct-current conversion circuit (DC-DC 
converter). 

[0003] At PWM, by carrying out adjustable control of ON/OFF ratio or duty ratio (or duty cycle) to the 
switching element which constitutes a direct-cxirrent-direct-current conversion circuit, output voltage can be 
changed and output voltage can be changed by the PFM method by carrying out adjustable control of the 
frequency concerning ON/OFF control of the switching element concerned. 

[0004] The configuration of for example, a flyback mold was used, and the direct-current-direct-cxnrent 
conversion circuit is equipped with the configuration which formed rectifier diode and a smoothing capacitor in 
the secondary of a transformer, while connecting a solid-state-switching component and performing ON / off 
control of the component concerned to the primary-winding side of the transformer for conversion. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, although a capacitor will be connected to juxtaposition 
as a capacitive component to a switching element while connecting an inductor to the primary winding of a 
transformer as an inductive component at a serial in taking the configuration of a voltage resonance mold in the 
above-mentioned flyback mold circuit (converter), pressure-proofing of the switching element concerned poses 
a problem. 

[0006] It is a fault that the configuration of a voltage resonance mold takes pressure-proofing of the switching 
element concemed while effectiveness is acquired in the point it becomes possible whose to decrease loss by 
the switching element. For example, when using FET, compared with the case where neither the above- 
mentioned inductive component nor a capacitive component is attached, the electrical potential difference 
between the drain-sources will become high. 

[0007] If the lighting circuit of the small electric-discharge lamp (rated power 35W) used for the light soxirce of 
the lighting fixture for automobiles is made into an example, generally therefore about the output voltage of the 
circuit before lighting of a electric-discharge lamp, making Ibis into 350 thru/or about 400V needs to select 
what has pressure-proofing quite high as a switching element. 

[0008] Although how to enlarge the winding ratio of a transformer can be considered as opposed to this 
problem, when it originates in the current value (primary current value) which flows to the primary winding and 
switching element of a transformer becoming large and electrical efficiency gets worse, the result contrary to 
the original meaning of reducing power loss is caused. Moreover,, if a primary current value becomes large, 
resonance energy will become large and resonance voltage will become high. 

[0009] Then, in the electric-discharge lamp lighting circuit equipped with the direct-current-direct-current 
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conversion circuit of a flyback mold configuration, this invention makes it a technical problem to make it the 
electrical efficiency of a circuit not fall while making low pressure-proofing of the switching element prepared 
in the upstream of a transformer therefore. 
[0010] 

[Means for Solving the Problem] In order that this invention may solve the above-mentioned technical problem, 
as a direct-current-direct-current conversion circuit for changing the input voltage fi-om DC power supply into 
desired direct current voltage It has the configuration of the voltage resonance mold containing the switching 
element prepared in a transformer and its upstream. In the electric-discharge lamp lighting circuit equipped with 
the control circuit with the function of cxirrent limiting built over the switching element concerned while 
controlling the output voltage of a direct-cxirrent-direct-current conversion circuit by performing ON / off 
control of the switching element concerned The output voltage of a direct-current-direct-cxirrent conversion 
circuit is detected, and it restricts so that the output voltage concemed is high, and the current which flows to a 
switching element may decrease. 

[001 1] Therefore, according to this invention, if the output voltage of a direct-current-direct-current conversion 
circuit becomes high, the degree of current limiting to a switching element becomes strong, and the electrical 
potential difference concerning the component concemed can be controlled, moreover — therefore, since it is 
not necessary to enlarge the winding ratio of a transformer, decline in electrical efficiency can be prevented. 
[0012] 

[Embodiment of the Invention] Drawing 1 shows the basic configuration of the lighting circuit concerning this 
invention, and the electric-discharge lamp lighting circuit 1 is equipped with DC power supply 2, the direct- 
current-direct-current conversion circuit 3, the direct-current-altemating current conversion circuit 4, the 
bootstrap circuit 5, and the control circuit 7. 

[0013] The direct-current-direct-current conversion circuit 3 is changed into desired direct current voltage in 
response to the direct-current input voltage (this is described as "Vin".) firom DC power supply 2, and the 
flyback type DC-DC converter of a voltage resonance mold is used. 

[0014] The direct-current-altemating current conversion circuit 4 is formed in order to supply a electric- 
discharge lamp 6 through a bootstrap circuit 5 after changing the output voltage of the direct-current-direct- 
current conversion circuit 3 into altemating voltage. For example, it has a bridge circuit using four solid-state- 
switching components, and its drive circuit, and altemating voltage is outputted by turning on/off controlling 2 
sets of switching element pairs reciprocally. 

[0015] It is prepared, in order that a bootstrap circuit (the so-called starter) 5 may generate the high- voltage 
pulse signal for starting to a electric-discharge lamp 6 (pulse for starting) and may apply starting to the electric- 
discharge lamp concemed, and the signal concemed is superimposed by the altemating voltage which the 
direct-current-altemating current conversion circuit 4 outputs, and is impressed to a electric-discharge lamp 6. 
[0016] A control circuit 7 controls the output of the direct-current-direct-current conversion circuit 3 while 
controlling the power supplied to a electric-discharge lamp 6 in response to the detecting signal about the 
electrical potential difference equivalent to the current or them which flow to the electrical potential difference 
concerning a electric-discharge lamp, or the electric-discharge lamp concemed, or a current. For example, in 
order to control the supply voltage according to the condition of a electric-discharge lamp in response to the 
signal from the detecting element 8 which detects the output voltage and the current of the direct-cxirrent-direct- 
current conversion circuit 3, a control signal is sent out to the direct-current-direct-current conversion circuit 3, 
and the output voltage is controlled. In addition, it is also the duty of a control circuit 7 to perform the output 
control for ensuring lighting of a electric-discharge lamp by raising the supply voltage to the electric-discharge 
lamp concemed to a certain level before lighting of a electric-discharge lamp. Moreover, PWM and a PFM 
method are learned as a switching control method. 

[0017] Drawing 2 and drawing 3 show the basic circuit about flyback mold voltage resonance, in addition, both 
difference is [ whether it connects secondary / of a transformer / primary and secondary /, and ] (an insulation — 
do mold or not?), and is not essential. For example, like drawing 3 R> 3, if the ends of a primary winding and a 
secondary winding are connected, the advantage to which electrical efficiency, i.e., the rate of output power to 
input power, becomes high will be acquired, but since it becomes impossible to, output an electrical potential 
difference lower than input voltage on the other hand, both features should be taken into consideration and the 
configuration gestalt should be determined. 
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[001 8] Also in which gestalt, it has the following element (a figure shows a sign in a parenthesis). 
[0019] - Transformer (9) 
-Inductor (10) 

- Switching element (11) 
-Rectifier diode (12) 

- Smoothing capacitor (13). 

[0020] The terminal shown all over drawing, "Ti+", and "Ti -" are input terminals, the above-mentioned direct- 
current input voltage "Vin" is supplied, and the capacitor 14 is formed among both-ends children. Moreover, 
"To+" and "To -" are output terminals, and the output voltage afl;er electrical-potential-difference conversion 
(this is described as "Vout".) is sent out to a latter-part circuit (direct-current-altemating current conversion 
circuit). 

[0021] In addition, a cut water is shown in each coil of a transformer 9 by attaching the black dot mark. 
[0022] In example of configuration 3 A (secondary [ of a transformer / primary and secondary ] are not 
connected directly.) shown in drawing 2 , while an inductor 1 0 is connected to a serial, the switching element 
1 1 is connected to the volume termination side of primary- winding 9p of a transformer 9 to the inductor 1 0 
concerned. The signal from a control circuit 7 is supplied to the switching element 1 1 concerned. In addition, 
the N-channel MOS form FET (field-effect transistor) is used for drawing as a component 1 1 , the drain is 
connected to primary- winding 9p of a transformer 9 through an inductor 1 0, and the source of FET is connected 
to the input terminal "Ti 

[0023] Although the capacitor 15 is formed between the drain-sources of FET, about the capacitor 15 
concemed, you may connect with FET as a component according to individual, and the parasitic capacitance in 
FET may be used. 

[0024] Rectifier diode 12 and a smoothing capacitor 13 are formed in secondary [ of a transformer 9 ], the end 
(volume termination) of 9s of secondary windings of a transformer 9 is connected to the anode of rectifier diode 
12, and the other end (volume start edge) of the coil concemed is connected to Rhine which connects a terminal 
"Ti and "To -." And the cathode of rectifier diode 12 is connected to the terminal "To-H" and the end of a 
smoothing capacitor 13. In addition, the smoothing capacitor 13 is formed between an output terminal "To-H" 
and "To -", and the both-ends electrical potential difference of the capacitor concemed is outputted as Vout. 
[0025] In addition, "Ip" in drawing shows the upstream current of a transformer 9, "Is" shows the secondary 
current of a transformer 9, respectively, and "VG" shows the gate signal electrical potential difference to FET. 
[0026] Moreover, althou^ the inductor 10 is formed between primary-winding 9p of a transformer 9, and a 
switching element 1 1 in the example of illustration Prepare not only diis but an inductor between terminal Ti+ 
and primary-winding 9p (see the A section shown in drawing with a circle [ of a broken line ]), or Or the 
configuration gestalt established between 9s of secondary windings and rectifier diode 12 (see the B section 
shown in drawing with a circle [ of a broken line ]), the gestalt using the leakage (leakage) inductance of a 
transformer, etc. are mentioned. 

[0027] In example of configuration 3B shown in drawing 3 , most parts except the point that secondary [ of a 
transformer 9 / primary and secondary ] are connected in each end section are the same configurations as 
drawing 2 . That is, while the terminal by the side of the volume termination is connected to the end (volvime 
start edge) of 9s of secondary windings among primary- winding 9p, it connects with the inductor 10, and it 
connects with the switching element 1 1 through this inductor. 

[0028] In addition, like the example of drawing 2 , although the inductor 10 is formed between primary- winding 
9p of a transformer 9, and a switching element 1 1 Prepare not only this but an inductor between terminal Ti+ 
and primary-winding 9p (see the A section shown in drawing with a circle [ of a broken line ]), or Or the 
configuration gestalt established between 9s of secondary windings and rectifier diode 12 (see the B section 
shown in drawing with a circle [ of a broken line ]), the gestalt using the leakage (leakage) inductance of a 
transformer, etc. are mentioned. 

[0029] In a voltage resonance mold, any configuration shown in drawing 2 and drawing 3 can reduce the power 
loss produced in the case of switching by carrying out a tum-on or carrying out the tum-off of the component 
concemed, when the electrical potential difference which an electrical potential difference and a current are 
resonated and is built over a switching element 1 1 (this example FET) by the inductor 10 and the capacitor 15 is 
a zero bolt (reduction of a switching loss), 
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[0030] Here, the point that the electrical potential difference (VDS) between the drain-sources becomes high is 
a problem the case of the electrical potential difference concerning a switching element 1 1 , i.e., FET. That is, 
when making into an example the configuration which forms neither an inductor 10 nor a capacitor 15 in 
drawing 2 or drawing 3 , setting the output voltage Vout to lOOV, setting input voltage Vin to lOV and setting 
the winding ratio of a transformer 9 to " 1 :2" (or a tum ratio = 1/2), the calcxilated value of the electrical 
potential difference between the drain-sources of FET is set to "VDS=10-i-(100-10)/3=40V." On the other hand, 
in the voltage resonance mold using an inductor 10 or a capacitor 1 5, smce the resonance voltage of an inductor 
1 0 or a capacitor 1 5 is added to these 40V, a possibility that VDS may exceed 1 OOV depending on the case may 
arise. 

[0031] The value of VDS will need to become high, so that output voltage Vout is large, as shown also in the 
formula of VDS, therefore it will be necessary to select the switching element of high pressure-proofing. For 
example, in the lighting circuit in the case of using electric-discharge lamps (metal halide lamp etc.) for the light 
source of the lighting fixture for automobiles, if it is common to supply the electrical potential difference of 
hundreds of volts before that lighting at the time of starting of a electric-discharge lamp and it takes this thing 
into consideration, it is necessary to use what has pressure-proofing quite high as a switching element. 
[0032] In addition, although how to raise the winding ratio of a transformer is also considered in order to make 
pressure-proofing of a switching element low, the evil accompanying it cannot be disregarded. For example, as 
a result of the current which flows fi-om the relation between an I/O electrical potential difference and a winding 
ratio to the upstream current and switching element of a transformer by the duty cycle (on-duty) of a switching 
element becoming small becoming large too much, the problem that electrical efficiency gets worse remains (it 
stops meeting the desired end of reducing power loss, and effectiveness will diminish.). 
[0033] Moreover, if the current which flows to a switching element becomes large, resonance energy will 
become large and resonance voltage will also become high. 

[0034] So, in this invention, without raising the winding ratio of a transformer, pressure-proofing of the 
component concerned is lowered by reducing the electrical potential difference concerning a switching element 
(namely, ** to which electrical efficiency is not reduced), and it aims at enabling use of a cheap component. 
[0035] As described above, in order to control the output voltage of the direct-current-direct-current conversion 
circuit 3 by performing ON / off control of a switching element 1 1, the control circuit 7 is formed, but the 
output voltage Vout of the direct-current-direct-current conversion circuit 3 is detected, and it restricts so that 
the output voltage concemed is high, and the current which flows to a switching element may decrease. That is, 
what is necessary is just to set up the limit current value concemed low as compared with the limit current value 
concerning the switching element set up when output voltage Vout is low, when output voltage Vout is high. 
[0036] As a method of restricting a current which flows to a switching element, the so-called pulse Bayh pulse 
method is learned as preventive measures, such as overcurrent destruction of the component concemed. 
[0037] For example, when setting to "I" the current which flows to it as a thing using FET (field-effect 
transistor) as a switching element and setting to "R" the resistance of the resistance for current detection 
established in order to detect the value, "I-R" is obtained as a detection value by electrical-potential-difference 
conversion. When setting up a certain cxirrent-limiting level as "Vlim", it is made for the disregard level of 
Current I not to exceed Vlim in the switching control of FET. That is, if the current-limiting level Vlim is 
specified to a high value, a limit will become loose, and a limit will become strong if the current-limiting level 
Vlim concemed is specified to a low value (therefore, generation of heat of a component etc. can be prevented 
by this that what is necessary is just to reduce the value of Vlim to required level to make the value of Current I 
small.). 

[0038] If this approach is used, the above-mentioned output voltage Vout is detected, and when that value is 
high, a limit current value (current-limiting level Vlim) can be set up low (current limiting is made severe). 
About this approach, as well as it being possible to apply, after a electric-discharge lamp lights up, also when 
applying before lighting of a electric-discharge lamp, it is effective, moreover — the time (when the current 
which flows especially to electric-discharge lamps, such as the time of heavy loading immediately after lighting 
of a electric-discharge lamp, is large) of the polarity of the output voltage of the direct-current-altemating 
current conversion circuit 4 changing — a polarity — switching — since the polarity of the electrical potential 
difference concerning a electric-discharge lamp or a current is reversed, the resonance current flows and the 
output voltage Vout of a direct-current-direct-current conversion circuit rises, it is desirable to specify the 
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degree of current limiting according to this. In addition, it may generate automatically and may be made to 
generate intentionally about this rise electrical potential difference (for example, if the inductance value of a 
bootstrap circuit is enlarged and the electrostatic capacity of a smoothing capacitor is set up small, the 
frequency of going out of the electric-discharge lamp generated in the case of polarity reversals can be 
reduced,). 

[0039] Drawing 4 thru/or drawing 7 take the above-mentioned output voltage Vout along an axis of abscissa, 
takes the limit current value or the above-mentioned current-limiting level "Vlim" of the above-mentioned 
upstream current Ip along an axis of ordinate, and illustrates about both relation. 
[0040] The example of drawing 4 shows the gestalt shown below. 

[0041] - The gestalt to which Vlim becomes low along with the increment in Vout in the fixed range which 
requires for output voltage Vout the lower right shown as a continuous line like the graph curve g2 shown like 
the graph cxirve gl of ** with the gestalt and alternate long and short dash line with which Vlim becomes low 
along with the increment in output voltage Vout when [ of the value of Vout ] it sets Vlim constant 
independently [ how ], it escapes from the range concerned and Vout increases. 

[0042] In addition, although the graph curve gl shows the example to which Vlim falls linearly with the 
increment in output voltage Vout, the example to which Vlim falls not only to this but to drawing 5 gradually 
with the increment in output voltage Vout like the graph curve g3 shown as a continuous line, the example to 
which Vlim falls rounded with the increment in output voltage Vout like the graph curve g4 shown in this 
drawing with an alternate long and short dash line are given. 

[0043] The example of drawing 6 and drawing 7 shows the case where change is given to a property bordering 
on the predetermined threshold (this is described as "Vsh".) concerning Vout. 

[0044] Although it is the range of "Vout<=Vsh" and the same property as the above-mentioned graph curve gl 
is shown about the graph curve Gl shown in drawing 6 , as shown in the part of Gl c, in the range in which the 
value of Vout exceeds Vsh, it sets Vlim constant, or in the range of "Vout>Vsh", as shown in Gld of a two-dot 
chain line, it eases compared with the inclination of the graph in the range of " Vout<=Vsh" — having (it 
changing with the negative inclination where an absolute value is small.) — or as shown in Glu of an altemate 
long and short dash line, in the range of "Vout>Vsh", the property that Vlim goes up with the increment in Vout 
with a forward inclination is sufficient. 

[0045] About the graph curve G2 shown in drawing 7 , although the same property as the above-mentioned 
graph curve g2 is shown in the range of "Vout<=Vsh", it is the range where the value of Vout exceeds Vsh, and 
as shown in the part of G2c, it sets Vlim constant, or in the range of "Vout>Vsh", as shown in G2d of a two-dot 
chain line, it eases compared with the inclination of the graph in the range of " Vout<=Vsh" — having (it 
changing with the negative inclination where an absolute value is small.) — or as shown in G2u of an altemate 
long and short dash line, in the range of " Vout>Vsh", the property that Vlim goes up with the increment in Vout 
with a forward inclination is sufficient. 

[0046] since Vlim becomes low along with the rise of Vout in the example of drawing 4 — this value ~ too 
much — low — becoming — passing (a limit becoming strong too much) ~ since a possibility that a required 
electrical potential difference (350 thru/or about 400V) may not be reached is before a electric-discharge lamp 
lights up, when the value of output voltage Vout exceeds a certain threshold, as shown in the example of 
drawing 6 and drawing 7 , it is desirable to fixed-ize the degree of current limiting or to ease. 
[0047] Moreover, in the transient to which the supply voltage for control starts, since it is a stage unstable as 
control action and possibility that the value of Above VDS will become large also at this time is high, it is 
desirable to set up Vlim low and to strengthen a limit. 

[0048] As shown in drawing 8 , control constitutes, for example so that a control circuit 7 may have the 
following component (the figure in a parenthesis shows a sign.). 
[0049] - VDS control circuit (16) 

- Power control section (17) 

- Mechanical component (18). 

[0050] In addition, the configuration gestalt of drawing 3 is adopted in this example. 

[0051] While the VDS control circuit 16 is formed as an electrical -potential-difference control circuit (or circuit 
for overvoltage control) for controlling the rise of the electrical potential difference concerning a switching 
element 1 1 and detecting output voltage Vout, the output signal is sent out to the power control section 17 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/5/2005 



JP,2003-272887,A [DETAILED DESCRIPTION] 



Page 6 of 8 



(about a configuration, it mentions later.). 

[0052] The power control section 17 performs drive control of a switching element 1 1 through a mechanical 
component 18, and controls the supply voltage to a electric-discharge lamp by adjiistable control of output 
voltage Vout. And it has drive circuits (for example, IC for PWM control, IC for PFM control, etc.) witti the 
current-limiting function of the above-mentioned pulse Bayh pulse method, and a limit current value is 
prescribed by the signal fi-om the VDS control circuit 16. 

[0053] Since a mechanical component 18 drives a switching element 1 1 in response to the signal firom the 
power control section 17, it is prepared, and a complementary pair with a transistor etc. is used. 
[0054] Drawing 9 shows the example 19 of a configuration of the VDS control circuit 16. 
[0055] The terminal "TL" shown all over drawing is a reference terminal (terminal which specifies Vlim) of the 
above-mentioned limit current, for example, in the gestalt using general-purpose ICs (IC for PWM etc.) 
equipped with the pulse Bayh pulse type current-limiting fiinction, when a limit cxirrent reference input terminal 
is prepared in the IC concerned, it is equivalent to the terminal concemed. Or in a custom-made integrated 
circuit, it is equivalent to the intemal terminal of IC. Anyway, if the electrical-potential-difference value 
supplied to this reference terminal falls, Vlim will fall (about a configuration, since it is known, explanation is 
omitted.). 

[0056] Although the electrical potential difference which pressured predetermined reference voltage "Eref * 
partially by resistance 20 and 21 is supplied to a terminal "TL", the electrical potential difference concemed is 
affected by the circuit part located in the right-hand side. 

[0057] Resistance 24 and zener diode 25 are connected to the collector of one 22 of these among NPN 
transistors 22 and 23 which constitute current Miller circuit, Vout is supplied, and resistance 26 and zener diode 
27 are connected to the collector of another side 23, and Vout is supplied. That is, the cathode of each zener 
diode is connected to the detection terminal 28 of Vout, and it connects with the collector of each transistor with 
which each anode corresponds through each resistance, respectively. 

[0058] Since the zener voltage is set to the predetermined value, lOOV [ for example, ], about zener diode 27, it 
serves to flow, when Vout exceeds threshold lOOV, and to lower the specified voltage (electrical potential 
difference in the node "P" of a minute piezo-resistance) by the partial pressure resistance 20 and 21 . Moreover, 
since the zener voltage is set to the predetermined value, 270V [ for example, ], about zener diode 25, it serves 
to flow, when Vout exceeds threshold 270V, and to lower the specified voltage by the partial pressure resistance 
20 and 21 (however, since current limiting is eased by setup of resistance, the value of the electrical potential 
difference (an open circuit and electrical potential difference) supplied before lighting of a electric-discharge 
lamp is securable.). Therefore, this example is equivalent to the property which contains a G2d part in the graph 
curve G2 of drawing 7 . 

[0059] The part which consists of current Miller circuits by the partial pressure resistance 29 and 30, resistance 
31, and PNP transistors 32 and 33 is prepared for current limiting in the st2indup early stages of the power 
source for control. That is, resistance 29 and 30 is connected to the serial to the supply terminal 34 of the 
generation electrical potential difference "Vcc" by the power circuit which it above-Vin(s) or is not illustrated, 
and the resistance partial pressure value by them is supplied to each base of transistors 32 and 33, and the 
emitter of a transistor 32 through resistance 31 . The predetermined reference voltage Eref is supplied to the 
emitter of each transistor, and the collector of a transistor 33 is connected to the collector of the above- 
mentioned transistor 23. Therefore, while the value of Vin or Vcc is low, a current flows to current Miller 
circuit and it serves to lower the potential of Node P (current limiting becomes strong until supply voltage starts 
to the value of normal.). 

[0060] In this circuit, it is possible to realize the property in various gestalten by constant modification of the 
existence of zener diodes 25 and 27 or those zener voltage, the resistance of resistance 24 and 26, etc. moreover, 
the capacitor 35 shown in the partial pressure point (node of resistance 29 and 30) shown with the "Q" point 
with a broken line in drawing 9 — connecting (parallel connection being carried out to resistance 30.) — the time 
amount in early stages of [ standup ] Vin or Vcc can be adjusted (it calls at resistance 30 and the time constant 
circuit of a capacitor 35.). 

[0061] In addition, in the case of general-purpose IC, all the components of illustration are prepared as extemal 
components, but let the component and zener diode exceeding pressure-proofing of the circuit concemed, 
capacitors, etc. be extemal components in a custom-made integrated circuit. 
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[0062] Moreover, as the resistance for detection (shunt resistance) is generally used and the detection approach 
of a current which flows to a switching element 1 1 is shown in drawing 8 , the detecting signal by the resistance 
Rs for detection connected to the SUITCHINGU component 11 is sent to the power control section 17, but as 
far as this invention is concerned, how of an approach does not ask. 

[0063] Drawing 10 thru/or drawing 12 are the rough wave form charts for the explanation of operation about 
current limiting, and the semantics of the notation shown aU over drawing is as follows. 

[0064] - Detection signal level of the current which flows to the level and the " Vdet" = switching element 1 1 of 
"Vs" = control signal. 

[0065] In addition, Vlim is prescribed that the output current and power to a electric-discharge lamp become 
large, if it is equivalent to the potential of a terminal "TL", and is generated about a control signal Vs by the 
arithmetic circuit for power control which is not illustrated based on the electrical potential difference of a 
electric-discharge lamp, or the detecting signal of a current and Vs becomes high. Moreover, the wave of 
"Vdet" becomes a saw-tooth wave so that it may illustrate. 

[0066] In drawing 10 , it has the relation of "Vs<Vlim" and Vs is not influenced of Vlim. That is, it is in the 
condition that Vdet does not exceed Vs. 

[0067] Moreover, in drawing 1 1 , in order to enlarge output voltage, a current, and power, the condition of 
having made Vs high as compared with the case of drawing 10 is shown, and Vdet becomes large in connection 
with this. However, it is the same as the case of drawing 10 at the point of having the relation of "Vs<Vlim." 
[0068] On the other hand, the relation between Vs and Vlim is reversed in drawing 12 . That is, since it has the 
relation of "Vs>Vlim", Vdet is regulated by Vlim. By this, if it is original, the magnitude of Vdet which should 
be specified by Vs will be prescribed by Vlim. If this Vlim falls, since current limiting will become strong, the 
current which flows to a switching element 1 1 becomes still smaller. 

[0069] In addition, in the configuration of drawing 9 , the amoimt of currents which carries out a sink (current 
inhalation) fi-om a terminal "TL" by the resistance of the above-mentioned part piezo-resistances 20 and 21, the 
current mirror by the NPN transistor pair, etc. can determine the degree in the case of reducing Vlim. 
[0070] Moreover, by drawing 9 , although the zener diode of high pressure-proofing etc. is used, when the same 
function is constituted fi-om a component of low pressure-proofing and it integrates, it is advantageous in cost 
and such an example 36 of a configuration is shown in drawing 13 . 

[0071] The configuration which used two operational amplifiers and counters is shown, and the right-hand side 
part of the partial pressure resistance 20 and 21 connected to the terminal "TL" is different fi-om the 
configuration of drawing 9 in this circuit. 

[0072] About an operational amplifier 37, the partial pressure of the output voltage Vout of the direct-current- 
direct-current conversion circuit 3 is carried out by resistance 38 and 39, and it is supplied to a non-inversed 
input terminal. And while an inversed input terminal is grounded throu^ resistance 40, resistance 41 is inserted 
between terminals and output terminals concerned. 

[0073] Moreover, about an operational amplifier 42, after the partial pressure of the output voltage Vout of the 
direct-current-direct-current conversion circuit 3 is carried out by resistance 38 and 39, an inversed input 
terminal is supplied through resistance 43. And the reference voltage "Eref ' shown in a non-inversed input 
terminal with the notation of the source of a constant voltage is supplied. In addition, resistance 44 is inserted 
between the inversed input terminal and the output terminal. 

[0074] Each output voltage of these operational amplifiers 37 and 42 is impressed to the above-mentioned 
terminal "TL" through the diode and resistance which were prepared in each. That is, the output terminal of an 
operational amplifier 37 is connected to the anode of diode 45, and the cathode of the diode concemed is 
connected to the terminal "TL" through resistance 46. Moreover, the output terminal of an operational amplifier 
42 is connected to the cathode of diode 47, and the anode of the diode concemed is connected to the terminal 
"TL" through resistance 48. 

[0075] In a transition stage until the supply voltage concemed is stabilized fi-om the standup initiation time of 
supply voltage Vcc, a counter (time check section) 49 is formed in order to make a liriiit current value small. 
From the standup initiation time of Vcc, when a certain time amovmt passes, H level signal is outputted. In 
addition, as shown in drawing 13 R> 3, the output terminal of a coimter 49 is connected to the cathode of diode 
50, and the anode of the diode concemed is connected to the terminal "TL" through resistance 51 . 
[0076] With this configuration, since the operational amplifier 42 constitutes reversal amplifier, a low electrical 
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potential difference is outputted as output voltage Vout becomes high (that is, it is equivalent to the property of 
the graph Gl of drawing 6 In addition, about an operational amplifier 42, while a plus input electrical 
potential difference and a reversal amplification factor can prescribe output voltage, the degree of the fall of 
output voltage to the increment in Vout can be set up with tiie resistance of resistance 48. 
[0077] Moreover, about an operational amplifier 37, a high electrical potential difference is outputted as output 
voltage Vout becomes high (that is, it is equivalent to the property of graph Glu of drawing 6 In addition, the 
degree of change of output voltage to Vout can be set up with the noninverting amplification factor of an 
operational amplifier 37, and the resistance of resistance 46. 

[0078] the work which carries out the role of the sink to a terminal "TL" in the meantime, and lowers the 
potential of the terminal concerned since L level signal is outputted about a counter 49 until predetermined time 
passes since a power-up point — carrying out (a limit current becoming small.) ~ since a counter 49 outputs H 
level signal, it stops acting after it Thus, it is desirable to restrict the current value which flows to a switching 
element 1 1 until it reaches the electrical potential difference on which supply voltage is planned, in addition, the 
time check by the circuit gestalt which establishes a meems to detect whether supply voltage reached the 
constant voltage beforehand, and a timer or a counter ~ the circuit gestalt which prepares a circuit is mentioned. 

[0079] Drawing 14 and drawing 15 show the example of measurement about the effectiveness of the above- 
mentioned VDS control circuit, show the case where drawing 14 does not prepgire a VDS control circuit, and 
show the case where drawing 15 prepares a VDS control circuit. In addition, in these drawings, the axis of 
abscissa shows time amount and Ip, above-mentioned Vout, and above-mentioned VDS are collectively shown 
on an axis of ordinate. 

[0080] It turns out that the magnitude (peak value) of VDS is stopped in drawing 15 so that clearly from the 

comparison of both drawings. 

[0081] 

[Effect of the Invention] Since the electrical potential difference which requires current limiting to a switching 
element for the component concerned by becoming strong can be controlled according to invention concerning 
claim 1 if the output voltage of a direct-current-direct-current conversion circuit becomes high so that clearly 
from the place indicated above, it becomes unnecessary to use the component of high pressure-proofing. 
Moreover, since it is not necessary to enlarge the winding ratio of a transformer, decline in electrical efficiency 
can be prevented. 

[0082] Since the degree of cxm-ent limiting which sets up a threshold and flows to a switching element can be 
changed according to invention concerning claim 2, the evil (for example, sufficient electrical potential 
difference for lighting control of a electric-discharge lamp is no longer obtained) accompanying specifying the 
limit concerned uniformly can be prevented. 

[0083] According to invention concerning claim 3, in the xmstable condition which is not enough, since there is 
a possibility that the electrical potential difference concerning a switching element may become large, the 
electrical potential difference concemed can be controlled by restricting the current value which flows to the 
switching element concemed. 
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[0 05 2] m;ti*»jaispi 7». igttspi 8^^Lrx 
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^cbi*)^. ^^^<5:m:t;ffl^<!:<DiatcfiiS4 l^/^ 
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(7) iRFH2003-272 887 

12 

[0 08 0 ] pia©Jt©3ip^i?635p3^<fc^K:. aiscc 

[0 08 1 ] 

[0 08 2] m^m2i^m^^m(<iJ:ti\t. mm^mM 
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[012] MEBmS£<D:&3!^Sil8PU-^;Ucl:0 4>®triteS* 
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